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METHOD AND APPARATUS SUITABLE FOR FORMING 
A MICROELECTRONIC DEVICE PACKAGE 



INVENTORS 

Doug Hawks 
Siamak Fazelpour 
Robbie Villanueva 

FIELD OF THE INVENTION 
The present invention generally relates to microelectronic device packages. More 
particularly, the present invention relates to improved frame-based packages and methods for 
forming the packages. 

BACKGROUND OF THE INVENTION 

Microelectronic devices such as semiconductor devices are often packaged to protect the 
device from mechanical damage, chemical attack, light, extreme temperature cycles, and other 
environmental effects. In addition, the devices are often packaged to facilitate attachment of the 
device to a substrate such as a printed circuit board. In particular, the device package may 
facilitate attachment of the device to a substrate by providing mechanical support during the 
attachment process and by providing electrical connections between the device and the substrate. 

Packages for providing electrical connections between various electrical devices and a 
substrate and methods for forming the packages are generally known in the art. For example, use 
of ball grid array packages, land grid array packages, and leadframe-based packages as well as 
methods of forming packaged devices with the various forms of packages are generally known in 
the art. 

Compared to other forms of microelectronic device packages, leadframe packages may be 
advantageous for several reasons. For example, leadframe packages are relatively inexpensive, 
are relatively reliable, do not require an additional substrate, and methods for forming typical 
leadframe packages are relatively well understood. However, as discussed in more detail below, 
packaged electronic devices including typical leadframes may be problematic for several reasons. 
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In particular, leadframe packages have relatively few electrical connections between the device 
and the substrate, whereas packages using ball grid array, land grid array, and similar 
technologies allow for a relatively high number of electrical connections between the device and 
the substrate. In other words, these technologies allow electrical connection between a device 
having a relatively high input/output count and the substrate. 

Leadframe-based microelectronic devices packages generally include (1) a leadframe to 
support the device and facilitate electrical connections between the device and the substrate and 
(2) an encapsulant to protect the device and a portion of the leadframe from the environment. 
The leadframe is formed of conductive material (e.g., a thin sheet of metal such as copper) and 
includes a pad or paddle portion configured to receive various electronic components and leads 
that are configured to mechanically and/or electrically couple the device to the substrate. 

A typical leadframe includes a single row of leads that span outwardly from the paddle 
region of the leadframe. Although this configuration facilitates electrical connections between 
the microelectronic device and the substrate, the number of electrical connections between the 
device and the substrate is limited by the number of leads that may be formed about the perimeter 
of the paddle. Other device packages such as ball grid array and land grid array packages allow 
for multiple rows or a matrix of conductive connectors about the paddle perimeter, but packages 
including such a matrix of conductive connectors are relatively expensive compared to packages 
including a leadframe. Accordingly, improved, relatively inexpensive, device packages that 
allow more than a single row of conductive connectors to be formed about a device are desired. 

A typical packaged device having a leadframe is formed by attaching a microelectronic 
device to the paddle of the leadframe, attaching wire bonds between portions of the device (e.g., 
input/output contacts on the device) and the conductive leads of the leadframe, and encapsulating 
the device, paddle, wire bonds, and a portion of the conductive leads. 

Encapsulating the entire paddle may be problematic in several regards. First, excess 
encapsulant is required to encapsulate the entire paddle. Excess encapsulant unnecessarily 
increases the size and cost of the packaged device. Second, encapsulating the entire paddle 
generally increases the lead length required to form an electrical connection between the device 
and the substrate. Increased lead length increases undesirable parasitics such as inductance and 
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capacitance along the conductive path between the device and the substrate. Third, encapsulating 
the entire paddle inhibits grounding the device to the substrate using the paddle as a conductive 
path. For, inter alia, the reasons set forth above, an improved frame-based microelectronic 
device package having less encapsulant, at least a portion of a leadframe paddle exposed, and a 
5 reduced conductive path length between the device and the substrate is desirable. 

SUMMARY OF THE INVENTION 
The present invention provides an improved package for one or more microelectronic 
devices and methods for forming the device package. More particularly, the present invention 
10 provides an improved frame-based device package and methods for forming the package. 

The manner in which the present invention addresses the drawbacks of presently-known 
device packages is addressed in greater detail hereinbelow. However, in general, the improved 
package is relatively inexpensive to manufacture, and can support devices having relatively high 
72 input/ output counts . 

JM5 In accordance with an embodiment of the present invention, a package includes (1) 

Iff' substantially flat connectors or leads configured to couple a device to a substrate and (2) an 
E encapsulant surrounding a portion of the connectors. In accordance with an exemplary aspect of 

IZ, this embodiment, the encapsulant does not cover a bottom portion of the connectors. In 
CS accordance with a further aspect of this embodiment, the package includes a die attach pad 
3|) configured to mechanically bond to a device. In accordance with yet a further aspect of this 
a * y embodiment, the encapsulant does not cover a bottom portion of the die attach pad. 

In accordance with another embodiment of the present invention, a device package is 
formed by attaching removable tape to a surface of a film of conductive material, forming 
isolated features in the conductive material, attaching encapsulating material to at least a portion 
25 of the isolated features and a portion of the tape, and removing the tape from the features and 
encapsulant. In accordance with an aspect of this embodiment, the features are formed by 
patterning the conductive material with photoresist material and etching the material to form the 
isolated features. 
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In accordance with a further embodiment of the present invention, a device package is 
formed by attaching removable tape to a surface of a leadframe, attaching encapsulating material 
to at least a portion of the leadframe and a portion of the tape, removing the tape from the 
leadframe and encapsulant, and singulating the leadframe. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
A more complete understanding of the present invention may be derived by referring to 
the detailed description and claims, considered in connection with the figures, wherein like 
reference numbers refer to similar elements throughout the figures, and: 
10 Figure 1 illustrates a cross-sectional view of a device package in accordance with the 

present invention; 

Figure 2 illustrates a process to form a device package in accordance with the present 
J\ invention; 

*J2 Figure 3 illustrates a frame having tape attached thereto in accordance with the present 

invention; 

[n Figure 4 illustrates a patterned, etched frame, having tape attached thereto in accordance 

^ with the present invention; 

lZ Figure 5 illustrates a portion of a device package during package fabrication in 

C3 accordance with the present invention; 

Jib Figure 6 illustrates a top plan view of a portion of a package during package fabrication in 

^ accordance with the present invention; 

Figure 7 illustrates a top plan view of a portion of a package during package fabrication in 
accordance with an alternative embodiment of the present invention; and 

Figure 8 illustrates a device package having tape attached thereto during package 
25 fabrication in accordance with the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 
The present invention provides an improved microelectronic device package. While the 
present invention may be used to couple a plurality of electronic devices to a substrate, the 
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invention is conveniently described hereinbelow with a single packaged device suitable for 
coupling to the substrate. 

Figure 1 illustrates a cross-sectional view of a packaged device 100 in accordance with 
the present invention. Packaged device 100 generally includes an encapsulant 1 10, a connector 
120, a base or die attach pad 130, a wire 140, and a device 150, 

Encapsulant 1 1 0 may be formed of any material that protects device 1 50. For example, 
encapsulant 110 may include thermoplastics, reaction injection molding materials, or the like. 
However, in accordance with an exemplary embodiment of the present invention, encapsulant 
110 includes a thermoset moldable plastic compound such as epoxy resin. 

Connector 120 may be formed of any conductive material. In accordance with an 
exemplary embodiment of the present invention, connector 120 is formed of copper. However, 
in accordance with alternative embodiments of the present invention, conductor 120 may be 
formed of other conductive material such as alloy 42. 

As discussed in greater detail below, in accordance with an exemplary embodiment of the 
present invention, connector 120 is formed from a metal frame (e.g., a metal sheet or a 
leadframe). While the frame composition and thickness may vary from application to 
application, in accordance with an exemplary embodiment of the present invention, the frame is 
formed of a copper metal sheet having a thickness of approximately 200 microns. The metal 
frame may be coated with about 10 micro inches of palladium to facilitate electrical and/or 
mechanical attachment of wire 140 to connector 120 and electrical and/or mechanical attachment 
of connector 120 to a substrate (not shown). 

Unlike conventional leads of a leadframe-based package, connector 120 is not formed or 
bent. Thus fewer processing steps are required to produce connector 120 than are required to 
form leads of a leadframe. In addition, the conductive path from device 150, through wire 140 
and connector 120, is significantly shorter through packaged device 100 than through typical 
packaged devices using conventional leadframes. The conductive path is shorter, in part, because 
the conductive path length through connector 120 is the thickness of connector 120 (e.g., about 
200 microns), whereas with conventional leadframe packages, the conductive length through a 
lead is the length of the lead, which may be on the order of a few millimeters. Reduction of the 
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conductive path length reduces the package device parasitics such as inductance and capacitance 
along the conductive path and reduces the overall size of packaged device 100. 

Base 130 may be formed of any material suitable for attaching to device 150. In 
accordance with an exemplary embodiment of the present invention, base 130 is formed of the 
5 same material used to form connector 120 (e.g., copper metal). In accordance with an exemplary 
embodiment of the present invention, connector 120 and base 130 are formed from a single sheet 
of conductive material such as a metal frame used to form conventional leadframes. 

In accordance with an exemplary embodiment of the present invention, unlike typical 
leadframe-based packages, base 130 is not offset or downset from connectors 120. Although 
10 base 130 is not offset from connectors 120, the conductive path between device 150 and the 
substrate is significantly shorter for packaged device 100 than for typical leadframe-based 
packages, for the reasons noted above. 
*j% Wire 140 may be formed of any material suitable for electrically coupling connector 120 

i2 to a portion of device 150, In accordance with an exemplary embodiment of the present 
^¥5 invention, wire 140 is formed of gold wire having a diameter of approximately 25 /^m. 
m Packaged device 100 may be formed in accordance with an exemplary process 200, 

which is schematically illustrated in Figure 2. Process 200 suitably includes a tape attach step 
ZZ 210, a conductive feature formation step 220, a die attach step 230, an electrically coupling step 
C3 240, an encapsulating step 250, a tape removal step 260, and a singulation step 270. As 
JjjO discussed in more detail below, the order of various steps in process 200 may be changed, 
■ y depending on, among other things, the type of frame used to form packaged device 1 00. 

Figure 3 illustrates a metal frame 300 having a removable tape 310 attached thereto after 
completion of tape attach step 210. Tape 3 1 0 is generally configured to prevent adhesion of 
encapsulant 1 1 0 to a bottom surface 320 of frame 300. Although tape 310 may be formed of 
25 various materials that removably attach to frame 300, in accordance with an exemplary 

embodiment of the present invention, tape 300 comprises a polyimide material and a water 
soluble adhesive. For example, a 3M Corporation adhesive tape 5414 may be used in connection 
with the present invention to prevent encapsulant 110 adhesion to surface 320. 
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During step 210, tape 310 may be applied to frame 300 using any manual or automated 
process. In accordance with an exemplary embodiment of the present invention, tape 3 1 0 is 
applied to a surface 320 of frame 300 using an automatic taping machine with a water soluble 
adhesive. Tape 3 1 0 may be configured to cover any amount of surface 320, and in accordance 
with an exemplary aspect of the embodiment illustrated in Figure 3, tape 310 covers substantially 
the entire bottom surface 320 of frame 300. 

During conductive feature formation step 220, electrical connectors 120 and base 130 are 
formed. In accordance with an exemplary embodiment of the present invention, features 120 and 
130 are formed by patterning a surface of frame 300 and etching portions of frame 300 through to 
tape 310. 

Figure 4 illustrates a frame 300 patterned and etched to form conductive features (e.g., 
connector 120 and base 130). In accordance with an exemplary embodiment of the present 
invention, frame 300 is patterned with material resistant to the etchant used to etch frame 300, 
such as photoresist 400. Frame 300 is then suitably etched using any material that reacts with 
frame 300 to dissolve or form volatile compounds with frame 300 material. In accordance with 
an exemplary embodiment of the present invention, frame 300 is etched using an isotropic wet 
process. Use of a wet process or other isotropic etchants is advantageous because the isotropic 
etchant may be used to form an undercut region 410. Formation of undercut region 410 may be 
desirable because region 410 provides a greater adhesion surface area for encapsulant 1 10 to 
bond to features 120, 130, and region 410 provides lip areas 420 and 430 to assist attachment of 
encapsulant 1 10 to features 120 and 130. After features 120 and 130 are formed, photoresist 400 
is removed using any suitable solvent, and features 120, 130 may be cleaned as desired. 

In accordance with an alternative embodiment of the present invention, frame 300 
includes a leadframe with the die attach region and lead regions already defined either by 
stamping or etching a sheet of conductive material (e.g., a sheet of copper metal). In accordance 
with this embodiment, after the die attach and lead regions are manufactured, frame 300 is 
exposed to an etchant to form regions 410 and lip areas 420, 430 as described above. This etch 
may be performed prior to or after tape 3 10 is applied to frame 300. In accordance with this 



50944.2300/687319 

Client Ref.: 98RSS41 1 and 99RSS090 



7 



Express Mail No. EL 214097384 US 



embodiment, connector formation step 220 is performed prior to performing tape attachment step 
210. 

Using a leadframe as frame 300 may be advantageous because connectors 120 of a 
leadframe are generally coupled to other portions of frame 300 until frame 300 is exposed to 
5 singulation step 270. Coupling of connectors 120 may be advantageous because the coupling 
increases the stiffness of frame 300, which may be advantageous during packaged device 100 
formation. However, use of a leadframe such as frame 300 may be disadvantageous because 
only a single row of connectors 120 may be formed about pad 130, whereas multiple rows or a 
matrix of connectors 120 may be formed about the perimeter of pad 130 when a metal sheet is 
10 used as frame 300. 

At die attach step 230, one or more electrical components (e.g., device 150) are 
mechanically coupled to base 130 using an adhesive material such as epoxy. In accordance with 
an exemplary embodiment of the present invention illustrated in Figure 5, device 150 is attached 
[J to base 130 using a conductive epoxy 500. Use of conductive epoxy 500 to bond device 150 to 
\4 base 130 is advantageous because it allows portions of device 150 to electrically couple to base 
Iff 130, thus allowing the device to ground to a substrate through base 130 and conduct heat to base 
^ y 130. 

]Z A portion of device 150 and connector 120 are electrically coupled during coupling step 

O 240. In accordance with an exemplary embodiment of the present invention, device 150 and 
2$ connector 120 are electrically coupled by attaching a portion of wire 140 to device 1 50 and a 
%y portion of wire 140 to connector 120. Wire 140 may be attached to device 150 and connector 
120 using any wire bonding technique. 

Figures 6 and 7 illustrate top plan views of exemplary packages 600 and 700, 
respectively, after completion of step 240. Package 600 includes a matrix of two rows of 
25 connectors 120 formed of a metal sheet frame, while package 700 includes only a single row of 
connectors 120 about a perimeter of device 150 formed of a leadframe. Additional rows of 
connectors 120 allow additional electrical connections between device 150 and the substrate (not 
shown), permitting electrical connections between relatively high input/output count devices and 
the substrate. Although Figure 6 illustrates only two rows of connectors 120, it should be 
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appreciated that any number and any configuration (e.g. , size and/or shape) of connectors 120 
may be used in accordance with the present invention. Thus, the present invention provides a 
device package which allows for high input/output counts similar to input/output counts of land 
grid array and ball grid array modules, without requiring relatively complex, expensive 
5 processing typical of packages formed from such modules. 

During electrical coupling step 240, any number of input/output regions 610, 710 may be 
coupled to any number of connectors 120. For example, as illustrated in Figure 7, three device 
input/output regions 710a, 710b, and 710c may be coupled to a single connector 120. In 
addition, multiple input/output regions 710 may be connected to a conductive region 720 that is 

10 coupled to base 130. Coupling various input/output regions 710 to region 720 may facilitate the 
grounding of respective regions 710. 

Encapsulating step 250 generally involves placing a mold around structure 510, and 

In forming a molded encapsulant 110 around portion 510 to form structure 800, illustrated in Figure 
8. In accordance with an exemplary embodiment of the present invention, step 250 includes 

IS molding an epoxy resin compound about a top surface of portion 5 1 0 to form structure 800. 

|!1 Finally, packaged device 100 may be formed by removing tape 310 during step 260 and 

^ singulating devices 100 during step 270. Steps 260 and 270 may be performed in any order; the 
sequence of steps may depend on the type of tape 3 1 0 used to form device 1 00 and the type of 

O singulation process used to separate individual packaged devices 100. 

2B In accordance with an exemplary embodiment of the present invention, tape 3 1 0 is 

^ removed during step 260 by immersing tape 310 in hot (e.g., 60°C) water. Any residual adhesive 
may be removed, if desired, by exposing surface 320 to a solvent such as deionized water. 

Singulation step 270 may be performed using any process suitable for separating 
individual packaged devices 100. In accordance with an exemplary embodiment of the present 

25 invention, packaged devices 100 are separated by sawing between individual packaged devices 
100. When frame 300 includes a leadframe, singulation step 270 decouples connectors 120 to 
form isolated conductive features. 

Although the present invention is set forth herein in the context of the appended drawing 
figures, it should be appreciated that the invention is not limited to the specific form shown. For 
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example, while the illustrated exemplary method to form the device package includes applying 
tape to a bottom surface of a frame, any suitable removable material such as a mold stencil that is 
attached to the leadframe using a soluble adhesive may be used to prevent adhesion of 
encapsulant to a surface of the frame. Various other modifications, variations, and enhancements 
in the design and arrangement of the device package as set forth herein may be made without 
departing from the spirit and scope of the present invention as set forth in the appended claims. 
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CLAIMS 



What is claimed is: 



1 LA microelectronic device package comprising: 

2 a substantially flat electrical connector formed from a metal frame; 

3 a die attach pad electrically isolated from said connector, said pad having a 

4 bottom surface; and 

5 an encapsulant surrounding a portion of said electrical connector and a portion of 

6 said die attach pad, 

7 wherein said bottom surface of said die attach pad is substantially free of 

8 encapsulant. 



2. The microelectronic device package according to claim 1 , wherein said connector 
and said pad are formed from a leadframe. 

3. The microelectronic device package according to claim 1, wherein said connector 
and said pad are formed by etching a sheet of conductive material having removable material 
attached thereto. 

4. The microelectronic device package according to claim 1, wherein said 
encapsulant is molded onto a portion of said conductor and a portion of said pad, wherein said 
connector and said pad are attached to removable tape, and wherein said tape inhibits attachment 
of said encapsulant to said bottom surface of said pad. 

5. The microelectronic device package according to claim 1 , further comprising a 
plurality of rows of connectors located about a perimeter of said pad. 
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1 6. An electronic device package configured to facilitate electrical connection 

2 between a device and a substrate, said package comprising: 

3 a plurality of electrical connectors formed by etching a sheet of conductive material; and 

4 an encapsulant attached to a portion of each of said plurality of electrical connectors, 

5 wherein said encapsulant is molded to each said portion by exposing said electrical connectors 

6 and a removable material attached to said connectors to a mold process. 



7. The electronic device package of claim 6, further comprising a die attach pad 
proximate said connectors and electrically isolated from said connectors. 



8. The electronic device package of claim 6, wherein said plurality of electrical 
connectors form a plurality of rows about a perimeter of the device. 

\T 9. The electronic device package of claim 6, wherein said connectors are formed 

^ from a leadframe. 



J 1 0. A method for forming a package for an electrical device, said method comprising 

2 the steps of: 

O attaching a removable material to a surface of a conductive material; 

M forming isolated conductive features within said conductive material; 

attaching encapsulant to said isolated conductive features and said removable 

6 material; and 

7 removing said removable from said conductive features and said encapsulant. 



1 1 . The method for forming a package for the electronic device of claim 1 0, wherein 
said forming step includes patterning a surface of said conductive material with a material 
resistant to an etchant and etching said conductive material with said etchant. 
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12. The method for forming a package for the electronic device of claim 10, further 
comprising the step of forming a die attach pad within said conductive material 

1 3 . The method for forming a package for the electronic device of claim 1 0, further 
comprising the step of coupling the device to said die attach pad. 

14. The method for forming a package for an electronic device of claim 10, further 
comprising the step of electrically coupling an input/output portion of the device to said isolated 
conductive feature. 

1 5 . The method for forming a package for the electronic device of claim 1 0, further 
comprising the step of singulating individual packaged devices. 

16. A method of forming a device package, said method comprising the steps of: 
applying removable material to a leadframe; 

attaching a device to said leadframe; and 

attaching encapsulant to a portion of said device and a portion of said leadframe. 

17. The method of forming a device package according to claim 1 6, further 
comprising the step of exposing said leadframe to an etchant to form undercut regions configured 
to assist attachment of said encapsulant to said leadframe. 

1 8. The method of forming a device package according to claim 1 6, further 
comprising the step of electrically coupling a portion of said device to said leadframe. 

1 9. The method of forming a device package according to claim 1 6, further 
comprising the step of forming isolated conductive features by sawing through a portion of said 
leadframe. 
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20. The method of forming a device package according to claim 16, further 
comprising the step of removing said removable material from said leadframe and said 
encapsulant. 
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ABSTRACT OF THE DISCLOSURE 
An improved microelectronic device package and methods for forming the package are 
disclosed. The device package includes electrical connectors and an encapsulant. The package is 
formed by placing removable material over a portion of the connectors to prevent encapsulant 
attachment to the portions masked by the removable material 
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IN THE UNITED STATES PATENT AND UTILITY PATENT 

TRADEMARK OFFICE 

Applicants): Doug Hawks; Siamak Fazelpour; and 

Robbie Villanueva Docket No.: 50944.2300 

Serial No.: TBA Group Art Unit: TBA 

Filed: TBA Examiner: TBA 

TITLE: METHOD AND APPARATUS SUITABLE FOR FORMING A 

MICROELECTRONIC DEVICE PACKAGE 



DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION 



As a below named inventors, We hereby declare that: 



My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled METHOD AND APPARATUS SUITABLE FOR 
FORMING A MICROELECTRONIC DEVICE PACKAGE, the specification of which: 

[ x ] is attached hereto. 

[ ] was filed on as Application Serial No. and 

was amended on (if applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this 
application in accordance with 37 C.F.R. §1.56. 

I hereby claim foreign priority benefits under 35 U.S.C. § 119(a)-(d) or § 365(b) of any foreign 
application(s) for patent or inventor's certificate, or § 365(a) of any PCT International application 
which designated at least one country other than the United States, listed below and have also 
identified below, by checking the box, any foreign application for patent or inventor's certificate, or 
PCT International application having a filing date before that of the application on which priority 
is claimed. 

Priority Not Claimed 

[ ] 

Number Country Filing Date 

[ ] 

Number Country Filing Date 
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I hereby claim the benefit under 35 U.S.C. § 1 19(e) of any United States provisional application(s) 
listed below. 



Application Number Filing Date 



Application Number Filing Date 

I hereby claim the benefit under 35 U.S.C. §120 of any United States application(s), or §365© of any 
PCT International application designating the United States, listed below and, insofar as the subject 
matter of each of the claims of this application is not disclosed in the prior United States application 
in the manner provided by the first paragraph of 35 U.S.C. §1 12, 1 acknowledge the duty to disclose 
material information as defined in 37 C.F.R. §1.56 which occurred between the filing date of the 
prior application and the national or PCT international filing date of this application. 



Application Serial No. Filing Date Status Patent, Pending, Abandoned 

v- 

Application Serial No, Filing date Status Patent, Pending, Abandoned 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 
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POWER OF ATTORNEY 



I hereby appoint the following attorneys to prosecute the above-captioned United States 
patent application and to transact all business in the United States Patent and Trademark Office 
connected therewith and with the resulting patent, individually and collectively, Cynthia L. Pillote, 
Reg. No. 42,9999, and: SNELL & WILMERL.L.p.,One Arizona Center, 400 East Van Buren, 
Phoenix, Arizona 85004-0001; Tel (602) 382-6000; Fax (602) 382-6070; and the registered 
attorneys associated with Snell & Wilmer's Customer Number 020322. 

Please send all further correspondence to Snell & Wilmer l.l.p. at the above address. 

Full name of first inveritor ^Doug I la wks 
Inventor's signature: 
Residence: 

Citizenship: 

Post Office Address: /&W I Zip Code: ^2/2,7 




Full name of second joint inventor: Siamak Fazelpour 



Inventor's signature: Date: 

Residence: 



City State/Country 



Citizenship: 

Post Office Address: Zip Code: 



Full name of third joint inventor: Robbie Villanueva 



Inventor's signature: Date: 

Residence: 



City State/Country 



Citizenship: 

Post Office Address: Zip Code: 
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including the claims, as amended by any amendment referred to above. 
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application in accordance with 37 C.F.R. §1.56. 

I hereby claim foreign priority benefits under 35 U.S.C. § 119(a)-(d) or § 365(b) of any foreign 
applications) for patent or inventor's certificate, or § 365(a) of any PCT International application 
which designated at least one country other than the United States, listed below and have also 
identified below, by checking the box, any foreign application for patent or inventor's certificate, or 
PCT International application having a filing date before that of the application on which priority 
is claimed. 

Priority Not Claimed 

t ] 

Number Country Filing Date 

[ 1 

Number Country Filing Date 



50944.2300\PILLOTC\PHX\72 1495.0 1 



lof3 



I hereby claim the benefit under 35 U.S.C. § 1 19(e) of any United States provisional application(s) 
listed below. 



Application Number Filing Date 



Application Number Filing Date 
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PCT International application designating the United States, listed below and, insofar as the subject 
matter of each of the claims of this application is not disclosed in the prior United States application 
in the manner provided by the first paragraph of 35 U.S.C. §1 12, 1 acknowledge the duty to disclose 
material information as defined in 37 C.F.R. §1.56 which occurred between the filing date of the 
prior application and the national or PCT international filing date of this application. 



Application Serial No. Filing Date Status - Patent, Pending, Abandoned 
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fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
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